Abstract. This paper aims at designing a pulley motor that is co-constructed with the continuously variable transmission (CVT) system of motorcycle. The centrifugal force from the steel balls in the pulley plate forces the rotor to move outwards, weakening the flux (decreasing the overlapping area between rotor's magnets and the stator) and increasing the rotor's speed. The speed of pulley motor now can be changed not only by the input current but also by the displacement of the rotor.
Introduction
Figure 1 [1] shows the structure of the continuously variable transmission (CVT), which consists the front pulley plate group, rear pulley plate group, clutch kit. On the left is the front pulley plate group, including: (1) fixed pulley plate; (2) variable pulley plate; (3) platen; (4) balls; (5) central axis; (6) belt; rear pulley plate (7) & (8); and clutch kit: (9) clutch & (10) clutch case (commonly known as the bowl). On the left are the pulley plates which are tilt in contact with belt (6). On the right are the rear pulley plate and the clutch kit. Although there are a variety of electric motorcycles on the market, they are not built with the CVT. These electric motorcycles, in speed and torque performance, are subject to the specifications of the motor and cannot automatically respond to the topographical changes in speed variability. However, the current available commercial vehicles using the automatic transmission system have little limitations on the topography and the use of gasoline can be substantially saved. The proposed pulley motor in this paper has improved the motor for electric motorcycles by using the permanent magnet external rotor motor design. A powerful magnet is attached inside the external rotor, which is co-constructed with the CVT system of the traditional motorcycle. The stator design is adapted to the external rotor design. Such a co-constructed design can regard the pulley plate variable speed transmission system as a permanent magnet external rotor electric motor. It can be reduced in volume as compared with the parallel structure. With the co-constructed structure, after the action of the CVT, the external rotor of the motor will move outward. Hence, in addition to the speed variability of the motor itself, the motor external rotor can have the speed variability due to the change in magnet route caused by the parallel displacement, resulting in better variable speed performance than the parallel structure.
Design
This study attempted to combine the motor and the transmission system in the engine-motorcycle and to design a better motor for electric motorcycles, which is different from the commercially available motors. The commercially available motor for electric motorcycles is characterized by high torque at low speed or low torque at high speed. This study utilized the actions between the pulley plate and the opening/closing plate to achieve the effect similar to gear shifting to improve rotating speed and torque. Figure 2 [1] illustrates how the CVT belt continuously changes the speed as observed from the lateral and sectional point view of the pulley plate group. As shown in the Figure, when the motorcycle is started, the engine power is input into the front pulley plate group. Due to low rotating speed, the balls are close to the central axis, the radius of the circle of the front belt is small, while the radius of the circle of the rear belt is large as the low gear. When the front pulley plate is speeded up by increasing the input power, the balls are moved outward by the centrifugal force due to rising rotating speed (arrow1 in (C) of the Figure) , resulting in the variable pulley plate (2) moving to the co-axial fan plate (1) (arrow 2 in (C), axial displacement). The distance between the pulley plate and fan plate gradually decreases to push the belt of fixed width during the rotation to move outward along the slope of the pulley plate (arrow 3 in (C)). The radius of the circle of the front belt gradually increases accordingly. As the belt length (L) is fixed, the increasing radius of the circle of the front belt can lead to decreasing radius of the circle of the rear belt (arrow 4 in (C)). Then, the belt between the rear pulley (opening and closing) plates (3) gradually moves toward the axis (arrow 5 in (C)) to expand the opening/closing plates (arrow 6 in (C)) to transmit the power to the clutch. The friction springs inside the clutch under the centrifugal force forces the friction pieces on the external edge of the clutch outward (arrow 7 in (C)) to engage the clutch case (4) (bowl) to transmit the power to the rear wheel axis. Such a series of power transmission actions can allow the motorcycle to start, speed up and move in full speed.
The proposed design uses the external rotor fractional permanent magnet motor as the design base. Figure 3 illustrates the mechanical design diagram. As seen, except for the CVT pulley plate and CVT baseplate, the other parts are made by manufacturers according to the design diagram including the external rotor sleeve, motor support frame and the baseplate to protect the coil. Figure 4 illustrates the entity diagram of the finished pulley motor.
The implementation of the external rotor sleeve is as shown in Figure 5 . In addition to being the external rotor of the motor, the sleeve is also an important component integrating the CVT and the internal coil of the motor. However, as the internal coil of the motor differs from the CVT in circumference and the external sleeve is combined with the CVT pulley plate, the external sleeve will move along with the displacement of the pulley plate to lead to different thickness of the upper and lower parts inside the sleeve, as shown in Figure 6 . The internal part of the sleeve should be attached with the powerful NdFeB magnet. This design is a type of the 12-groove and 14-level electric motor. The magnets are arranged in the manner of one N and one S interval at the thick parts of the sleeve. The specifications of the magnet are of the powerful NdFeB in the arrangement as shown in Figure 7 . The implementation is as shown in Figure 8 .
Performance Test
The test was conducted under the loaded conditions. First, this study assembled the CVT rear end clutch, bowl and the opening/closing plates. Then, the torsionmeter was used to apply different forces on the rear end to test the relationship between the current and the rotating speed. The transformer used in the test was the ZTW 120A ESC OPTO HV brushless dc motor speed controller. The DC power supply used in the test process can provide maximum current 40A.
Load test was conducted in two stages: Stage I is the test for installing the CVT rear end components (light load) without application of external force. Stage II is the test for installing the CVT rear end components and with the application of external force. The relationship of displacement and rotating speed is as shown in Figure 9 . The relationship between the front end rotating speed and current suggested that, when the current is greater, the rotating speed of the motor will increase accordingly. However, due to the pulley balls inside the external rotor of the pulley motor, if the rotating speed is not sufficiently fast to cause the external rotor displacement under the centrifugal force of the pulley ball, the pulley motor external rotor will not produce the relative displacement. However, after the displacement of the external rotor, the pulley motor rotating speed will change according to the size of displacement. Under such a mutual influence, the relationship between the displacement and rotating speed is nonlinear. Figure 10 illustrates the images captured during the experiment, depicting the front end motor at the off state and the approaching to the maximum input of the transformer. As seen, the motor external rotor sleeve will displace due to the rotating speed. 
Power Supply Was Set at 44V; Current 10A~20A with External Force
The relationship between the rotating speed and current of the front end motor for different external forces applied in the rear end is as shown in Figure 11 . The relationship between the rotating speed and the current of the rear end after the CVT output under the application of the different external forces is as shown in Figure 12 . The comparison of Figures 11 and 12 indicates that the front end motor rotating speed does not change significantly for the fixed current under the application the different external forces. On the contrary, when applying different external forces on the rear end of the CVT system, the current to generate the rotating speed differs. For example, when the applied external force is 3N, the current should be 14A to get the rotating speed of 306 rpm at the rear end of the CVT system. The CVT front end rotating speed is 3631 rpm. For the external force at 4N, the current should be increased to 17 A to drive the CVT rear end. Thus, the CVT front end rotating speed is 3998 to generate greater torque with higher rotating speed. 
Conclusions
The proposed pulley motor aims to combine the mechanical CVT to improve the current electric motorcycles in compromising the speed and torque. The advantages of this design include (1) the combination of the pulley motor and CVT can reduce the volume at the same efficiency rate and (2) the motor external rotor displacement is caused by the physical centrifugal force to push the rotor and stator for relative displacement to generate the additional speed variability without requesting additional power supply.
